Each of the 15 Health Boards in Scotland maintains a computer file of its residents who are registered with a general practitioner; this is known as the Community Health Index or CHI. The CHI allows a variety of demographic data and indicators of health to be analysed on either a geographic or general practice base, or both simultaneously. The considerable potential of the CHI as a public health tool may be of interest to health authorities outside Scotland which are developing wider uses for their own family practitioner registers.
Introduction
The Community Health Index (CHI) is a mainframe computer file of all those people living within the area served by a particular health authority in Scotland who are registered with a general practitioner (GP). It originated some 20 years ago as a 'master patient index' of residents of the Tayside Health Board area.
1 Its three major functions are (1) as a system to administer the various and complex functions of the practitioner services (primary care) department, (2) as a register to ensure that individuals are given every opportunity to be immunized or screened for certain diseases, and (3) as an epidemiological tool to assist in defining populations and in studying the distribution, determinants and outcome of disease.
The CHI is most fully developed in its primary care administrative functions and in the development of satellite systems for pre-school immunizations, screening for cervical cancer, health surveillance of pre-school children and surveillance of children with special needs. Other systems which it is also planned to operate through the CHI include school health surveillance, family planning and breast screening. In performing these various functions the CHI is used to identify the names, addresses and dates of birth of relevant people (e.g. children who are due to be immunized or women who are due to have a cervical smear taken). It is also used to issue appointments or invitations to attend, to record the outcome of procedures (e.g. immunization with particular antigens or findings during child surveillance) and -most importantly -to identify those people who have failed to attend so that appropriate follow-up action may be taken.
The epidemiological functions of CHI are less well developed than the administrative and immunizationscreening functions. This is at least partly because these functions are not clearly defined and requirements often vary considerably among different users. Whereas the primary care, immunization and screening functions operate as standard systems, the demographic and epidemiological functions require a ready means of access to a limited set of variables to permit users to conduct analyses according to their own specifications. These analyses -unlike many of the other functionscan almost always be conducted on a non-live data file.
Some benefits of the Community Health Index
A key principle of the CHI has been that data identifying patients (name, date of birth, address and postcode) and GPs should be accessible to immunization, screening and other satellite systems so that this information need not be held separately, thus eliminating duplication of effort and the likelihood of a patient's address and/or doctor being identified differently on different registers. This also has the great advantage that changes in address, doctor or other variables can be identified as a result of a number of different types of health service contact (for example, for immunization, screening or family planning), and not only when a change is notified to the central index by the GP.
One of the most important features of the CHI is its ability to output data on any one or more of three dimensions: geographical area, practitioner (usually the GP or practice but also the health visitor) and patient. It is thus possible, for example, to produce listings of people with a particular characteristic (e.g. pre-school children with a visual defect or who have not attended for surveillance) or to calculate rates (e.g. for unimmunized children) for specific postcode sectors or general practices.
Individual patients benefit in that they are less likely to default from screening and immunization programmes. Members of the primary care team benefit from the information they receive not only about individual defaulters, but also about their performance in relation to all other practices and to practices with patients of similar socioeconomic status or Jarman score.
Extraction of data from the mainframe
To exploit some of the demographic and epidemiological potential of CHI, we obtain every three months a short 'extract' of all the records currently held 'live' on the Community Health Index [almost one million for the Greater Glasgow Health Board (GGHB)], and of the much smaller number of records held in the health visitor, immunization, cytology and pre-school surveillance 'subsystems'. Once extracted, this relatively small and manageable data set can be downloaded to a micro-or mini-computer for very much easier analysis than is possible by direct access of the mainframe file.
Main sources of epidemiological data
The variables which are usually of greatest interest are as follows.
Included in the CHI itself
(1) Ten-digit unique patient identifier (CHI number), GP and practice number.
(2) Prescription exemption and prescription prepayment codes.
(3) Name, address, date of birth and full postcode of residence -necessary where individual patients need to be identified and sometimes where record linkage is required.
(4) Previous postcode or health authority of residence, with date of change, for studies of migration.
Included in satellite systems which are based on the CHI number
(1) Health visitor identifier and indicators of maternal and child health (e.g. maternal age, birthweight, ethnicity, breast or bottle feeding, parental smoking, immunization status). These are derived from the health visitor record for the first postnatal visit and from the 'satellite' immunization system.
(2) Cervical smear examination (but not result, which is kept in a separate system) with date -from the 'satellite' cytology system.
(3) Pre-school child health surveillance attendances with dates and results (including 'problems' identified and diagnoses) -from the 'satellite' pre-school system.
(4) Deprivation category and score and Jarman score -appended to the full postcode on each patient record from a separate postcode-to-deprivation categoryscore index file.
Derived from record linkage
Hospital discharge, death registration and other patient records do not at present include the CHI number and so linkage to these records is achieved on a probability basis 2 ' 3 using the variables surname, initial(s), date of birth, full postcode of residence and (if available) the general practice identification number. Linkage brings together records for episodes of care on a patient basis and identifies the general practice, which is still not included in all hospital discharge records or in death registrations. The false positive rate (the proportion of linkages achieved which do not refer to the same person) and the false negative rate (the proportion of truly matched records which the system fails to link) are both estimated to be about 1 per cent.
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Examples of output
Information from the above sources has been analysed as follows.
Spatial analysis
This is usually by single or aggregated postcode sectors or electoral wards. The aggregates may be of contiguous sectors or wards (for example, forming a locality), or they may be collections of dispersed sectors or wards which are similar to one another (for example, in the same deprivation category). Figure 1 shows the 136 whole or part postcode sectors within the GGHB area, shaded according to deprivation category, with values for the standardized mortality rates superimposed. This form of analysis can also be conducted for Census enumeration districts and output areas, or even for unit postcodes. Figure 2 shows for a number of the information sources listed above how values differ among the 219 general practices within the GGHB area. Similar analyses can be provided for postcode sectors (Fig. 3) , wards, localities or deprivation categories (Table 1) . The relationship between deprivation and a number of health and other indicators is evident from the table; the apparently anomalous values for deprivation group 6 are attributable to the relatively healthy lifestyle of the ethnic minority groups which are concentrated in the postcodes which make up this deprivation group.
Analysis by general practice
Patient-based analyses
Numeric data Numeric data, for example, the numbers or proportions of people in different age-sex categories, may readily be produced for geographical areas or for general practices. However, because the CHI has an overall 'inflation' of about 8 per cent (mainly attributable to persons who have moved out of the health authority area or who have died), these values also will be inflated. Inflation rates for individual practices range from practically zero to 20 per cent or more and vary between different age groups. The CHI therefore does not at present provide a means of estimating the populations of wards or postcode sectors. However, we are investigating the possibility of using migration data from the CHI, together with data for births and deaths, to update the population estimates provided at the decennial Census.
The place of residence of each patient registered with a particular general practice or discharged from a particular hospital and/or specialty or with some other characteristic, may be plotted as a map. For example, Fig. 4 shows the location of children who have not received their primary course of immunization. The variables current and previous postcode (with date of change) can also be used to illustrate patterns of migration both within the health authority and to and from other areas.
Any of the above outputs can be applied in combination; for example, to show uptake rates for immunization or screening or mortality rates according to postcode sector deprivation group, as in Fig. 1 . Table 2 gives values for a variety of health indicators for general practices operating from a single health centre and therefore within the same locality. It shows how with apparently similar populations there may be considerable variation between practices. For example, in four practices the proportion of births (1992) (1993) (1994) to ethnic minority families is 33 per cent or more whereas in five others it is 7 per cent or less; breast feeding rates are much higher and parental smoking rates much lower in these practices. Uptake of cervical screening varies between 67 and 87 per cent, and of breast screening from 45 to 78 per cent; and two practices achieve only 87 per cent uptake for diphtheria, tetanus and poliomyelitis immunization in infants.
Patient identification
This is necessary where lists are required. General practitioners or health visitors have requested lists of low-birthweight babies, children who were breastfed or in a particular ethnic group, and people who have failed to attend for a screening test; such lists are obtainable directly from the CHI. Other listings, however, require record linkage, and examples of these include lists of people with schizophrenia (for an audit involving 25 practices), with epilepsy (developing the role of a community nurse specialist in 30 practices) and with long-term physical disabilities (for an assessment of the quality of care in one practice). Listings have also been produced of people admitted to hospital (with their diagnoses) over a five-year period, to help establish a general practice diagnostic index; of all patients from 45 practices admitted to hospital with myocardial infarction over a five-year period, for an audit by all the GPs in an area; and of causes of death for all death registrations for one practice over the past three years.
We have also drawn random or stratified random samples directly from the CHI of people in a particular age group, living in a particular locality or in another category for survey work. Organ donors have been 'flagged' on the Greater Glasgow CHI for a number of years, although this facility has not been in use since the national system became operational. The same facility could, however, be used for other purposes, such as for people using a wheelchair or having a specified disability or special need. Finally, the CHI has been used, with some difficulty and not entirely accurately (from the postcodes), to identify people living in nursing and residential homes.
Possible future uses
It would be possible to include on the CHI information about long-term medication, drug hypersensitivity, blood group, or coding for particular conditions such as diabetes or thyroid disease, or for indicating willingness to donate organs. Should the CHI become accessible by hospital staff, then a record of variables such as these would sometimes help in the management of patients, including the provision of important information about medication, particularly where it is difficult or impossible to obtain an adequate history from the patient or relatives.
Patient confidentiality
All analyses take place under the supervision of a consultant in public health medicine. Named data are required for two purposes only: to provide GPs with listings of their own patients and, more rarely, to provide samples of people, usually in a particular age group, general practice or locality, for a survey. Where GPs are being provided with information about their own patients the issue of confidentiality does not arise. Where a different health service professional wishes to access individual patients, then permission is sought from the GPs concerned (if the numbers are small and the issue non-contentious) or from the general practice ethical committee. This type of use is uncommon, and examples include surveys of lead in water in households with pregnant mothers; the views of old people on health and social services in their area; investigations of the incidence of crying baby syndrome; and a survey of health perceptions and problems in 16-year-olds. The CHI is being used as a tool for collaboration between general practice and public health, and not for the construction of league tables or in any other threatening way; nor has there been any interest from managers in the uses of the CHI for these purposes.
Conclusion
The Scottish CHI, and presumably also equivalent systems used by health authorities elsewhere, contains a considerable amount of data which are useful for the definition of populations and of population subgroups (e.g. according to age, ethnicity or locality of residence). It also provides a number of important health measures such as immunization status, uptake of cervical screening and indicators of child health, and -through the unique identification number -is a mechanism for linkage with hospital and other records. It is possible to analyse and present these data either on a geographic (usually ward or postcode sector) or a general practice base, or both simultaneously. Also, it provides a ready means of comparison between areas and general practices at different deprivation levels. The amount of information available approaches that from the Census, and it would seem reasonable to exploit this invaluable source to the full.
